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Key difference: higher stages occur more rapidly and at lower
discharges during ice jam events than open water events




JAHR Working Group on
River Ice Hydraulics Definition

An ice jam IS a stationary accumulation of
fragmented ice or frazil that restricts flow



lce Jam Formation

Jams are possible wherever an ice cover forms

Jams occur at locations where the river’s
transport capacity Is exceeded

Intact ice cover

Sharp bends

Decreases in channel slope
Constrictions

Confluences

Ice jam flooding can be extremely rapid
Two types of jams: freezeup and breakup



Reported Ice Jams

CRREL Ice Jam Database
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°C0|umnar ice: Thermally grown “black” ice, transparent
allows solar penetration, decays into “candled ice”



*Fine grained ice:
| made of frazil or
"=~ snow, looks “white”,
resists solar
penetration



Freezeup Jams

e Early to mid-winter formation

e Subfreezing air temperatures

e Frazil and broken border ice

e Unlikely to release

e Fairly steady water flow

 May exhibit cohesion

« Smooth to moderate surface roughness







CroSS Section off Ereezeup) Jam

Refrozen

Pramed| frazl surface layer : :
Baorder ice pleces

Frazil

Primary flow area



River Ice Cover Breakup

e Thermal Breakup: Ice cover melts in place

Direct sunlight plays a large role

Surface color influences absorption of sunlight: Dusting
Ice promotes melting

Water on ice decreases reflection, may promote melting
Open water areas absorb sunlight
« Mechanical Breakup: Hydrodynamic forces acting
on cover exceed cover strength
— Results from an increase in flow
Precipitation event
Snowmelt event
Dam operation




Breakup Jams

 Mid to late winter formation

e May form more than once per season

» Near-freezing air temperatures

 Broken sheet and border ice

 Highly unstable, releasing suddenly

e Unsteady water flow (surges)

 Moderate to extreme surface roughness

« Midwinter jams may refreeze, causing
additional problems later in the winter
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lce Jam Mitigation

Advance Measures

Emergency Measures

Permanent Measures

Freezeup Jam Control

—Control production and transport of frazil ice
—Displace jam initiation location

Breakup Jam Control

—Control timing of ice breakup

—Displace jam location



Mitigation Goals

e Advance Measures e Permanent Measures

—Flood protection — Flood protection

— Reduce ice supply — Reduce ice supply

— Control breakup —Increase conveyance
seguence — Control breakup

—Increase sequence
CUlvisyilce —Displace ice jam

location

 Emergency Measures
— Flood Protection

—Increase
Conveyance

— Remove Ice



Advance Measures

Non-structural intervention

Two weeks to six months lead time
Can be inexpensive

Effective?

Includes monitoring, early warning, ice
weakening



Early Warning

e Provides critical information
e Two weeks to six months lead time

* [nexpensive and invaluable

— Trained observers
« Part of emergency response team
o Track pre-event ice conditions and during event
* Helpful for after-action assessment

— lce motion detectors
o Trip wires in ice
—alarms inform emergency managers
—select locations to give days/hours warning
— Can be remote



¥ USA-CRREL Ice Jam Database - Microsoft Internet Explorer
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N EEFC Erver Ice Information

In order to achdewe the MERFC mission, we recuure cloge cooperation and interaction between a ruraber of weather forecast offices. These offices include Buffals NV, Binchawton HY |, Alhany NV,
Brookhsven NV, Butlington ¥T , Taunton b, Gray WE | and Canbon ME | Since 1over ice floods are wery local in nature, people in ice jar prone areas shonld stay in touch with local officials during

periods of rapending danger.

The Mational Weather Service in cooperation with local officials periodically provides watches and warnings.

DFlood Watches and Wamnings

To effectively combat the potentials of imver ice problems, the HERFC iz experimentally setting up a rover ice mordtonng network. This network is composed of concerned citizens, local emergency
managers, and goverrament officials, who periodically report on the characteristics and the developmment of mver ive dwring the winterfearly spring season. Below are links to some of their contributions.

Latest Ice Reporis
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' tern Mew Tork

@l AT www.nws.noaa.gov/er/nerfc/ice

"New Harnpshirve
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Current Conditions

@ 1ean Daily &ir Temperaturs Map fror NOHRSC.
@ Thawing Degree Days
" Freezing Degree Days
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FREEZING
DEGREE DAYS

Oct 1, 2000 to Mar 8, 2001

Northeast River
Forecast Center

CUMULATIVE
DEGREE DAYS (F.)

2026 to 2265
1788 to 2026
1550 to 1788
1311 to 1550
1073 to 1311
834 to 1073
596 to 834
357 to 596
238 to 357
11910 238
Mot Estimated

National Qperational Hydrologic
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FLOOD STATEMENT
NATIONAL WEATHER SERVICE STATE COLLEGE PA
1100 AM EST THU FEB 17 2000

ICE JAM CONTINUES ON CLEARFIELD CREEK NEAR DIMELING. SCRIBNERS ROAD IS STILL CLOSED.

AT 1030 AM THIS MORNING...CLEARFIELD COUNTY EMERGENCY MANAGEMENT OFFICIALS REPORT
SOME MINOR CHANGES TAKING PLACE. WATER ALONG THE CLEARFIELD CREEK 1S STILL FLOWING
ONTO SCRIBNERS ROAD. THE WATER IS ALSO PUSHING ICE ONTO THE ROAD. THE CHANGE 1S IN
THE CHARACTER OF ICE THAT IS JAMMING. THE ICE THAT IS JAMMING 1S NOW LARGER SHEETS
OF ICE THAT ARE STACKING VERTICALLY. THE HIGHER STACKS OF ICE IN THE JAM MAY BACK
WATER TO EVEN HIGHER LEVELS DURING THE NEXT THAW. SO FAR THE WATER LEVEL BEHIND THE
JAM REMAINS UNCHANGED FROM YESTERDAY. AND NO HOMES ARE BEING AFFECTED. THE ROAD IS
COVERED WITH ICE AND WATER FOR A DISTANCE OF ONE TO TWO MILES...DOWNSTREAM OF THE
DIMELING BRIDGE.

ANOTHER 1CE JAM IS OCCURRING UPSTREAM ON CLEARFIELD CREEK...BETWEEN IRVONA AND
COALPORT IN BECCARIA TOWNSHIP. THERE ARE AT LEAST 7 HOMES THREATENED BY THIS JAM BUT
NO FLOODING IS OCCURRING AT THIS TIME.

FURTHER UPSTREAM.._IN CAMBRIA COUNTY...YET ANOTHER ICE JAM ON CLEARFIELD CREEK IN
WHITE TOWNSHIP...HAS BACKED ICE UP FOR 3 QUARTERS OF A MILE. THE ICE FROM THIS JAM
IS BACKED UP AGAINST THE FOSTER ROAD BRIDGE...BUT NO FLOODING 1S BEING REPORTED AT
THIS TIME.

ADDITIONAL ICE JAMS ARE STILL POSSIBLE THIS AFTERNOON AND TONIGHT ALONG CLEARFIELD
CREEK...WHICH COULD RESULT IN ADDITIONAL FLOODING. ICE JAMS CAUSE RAPID FLUCTUATIONS
IN WATER LEVELS. IF YOU LIVE NEAR A RIVER OR STREAM...BE READY TO ACT QUICKLY IF ICE
JAMS FORM OR A WARNING IS ISSUED.

DO NOT DRIVE YOUR VEHICLE INTO AREAS WHERE THE WATER COVERS THE ROADWAY. VEHICLES
CAUGHT IN RISING WATER SHOULD BE ABANDONED.MOVE TO HIGHER GROUND.

-END/ HEAD
LAT...LON 4033 7895 4031 7872 4113 7817 4117 7873
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New York Current Surface Water Conditions
Updated Wed Feb 10, 1999 11:27

PROVISIONAL DATA SUBJECT TO REVISION--Zelect a station number from the table or a site from the current condifions map to wiew graph(s) and
other data for a station. Tables and graphs are updated hourly however actual data retneval frequency varies by site (hourly, 4-hour, twice-daily, or daly).

Long-term

Station median flow Water

Number Station Name 02/10  Flow Stage Temp Date/Tune
@ SITES ON LONG ISLAND
01310521 Eeynolds Chan'l &4t Pt Lookout -- - -0& 3BT 02110 1045
@ HUDSON RIVER BASIN
01214500 Indian Lalkce nr Indian Lake -- —n iR - -
01315500 Hudson Eiver At WNorth Creek 200 1230 37 -- 02100845
01318500 Hudson Eiver At Hadley 1580 2830 4.1 -- 02100245
01321000 sacandaga FEiver Mear Hope 487 Ice 27 -- Q2100930
01323500 Gr Sacandaga L at Conldnvl -- - TF525 - 021100%45
01325000 Sacandaga B Stew Br My Hadley 2450 4040 5.3 -- 02100245
01327750 Hudson Eiver At Fort Edward 4460 FR20 225 - 02100200
01329500 Batten Fill At Battenwnlle 4410 - 38 -- 02100200
01334500 Hoosic B Mr Eagle Bridge 550 12590 44 -- 02100845

@ | l_ l_ l_ @ Internet zone







Stage -- updated Fn Mar 5 14:30 1999 -- download presentation-quality graph
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@ Data used in oraph
@ Historical dadly mean or peakflow data for this station
@ Eeturn to Current Strearnflow Conditions table

Station Description

01031500 PISCATAQUIS RIVER WNEAR DOVER-FOXCROFT, MATNE




Aerial photographs




<€ To Ice Motion Detector

Snow or Snow Ice

Solid Ice

Frazil Ice







lce Weakening

« Mechanical: Immediate strength reduction

— |ce cutting
e 4WD trencher
e amphibious ice saw

— |Ice breaking
« amphibious excavator
e vessels

e Thermal: Accelerate natural ice deterioration
— Hole drilling
— Dusting



lce Cutting

e« Beaurivage River, Quebec
— 4WD trencher
— diagonal slot pattern, center 2/3
— Ice moves through cut area

+— Historical lce Jam Zone ——»




lce Breaking

 |cebreakers/towboats
— can clear channels in jams

e hovercraft
— effective for sheet ice




Hole Drilling

« Oconto River, WI
— 10 ft grid, central 2/3 of channel
— holes expand to weaken sheet
— Ice moves into Lake Michigan




Aerial Dusting

 Yukon River, AK
— sand increases solar absorption
— 25 years, high productivity
— difficult to assess effectiveness




Emergency Measures

Jam In place

Cost & effectiveness depend on timing
— try to minimize damages

— time Is critical

Excavation

Blasting

Flood Fighting

Do nothing



Excavation

Most efficient when stage rising

Pre-positioned equipment helpful

— excavator, clam-shell, bulldozer

— clear channel D/S of toe

— dislodge key pieces at toe

Expensive to excavate ice pieces after stage
falls

Can be combined with blasting (excavate
where safe, blast upstream end of jam)



Excavation

Examples
e Gorham, NH
g

e Morrisonville, NY



Blasting

« Reguires open water downstream

Work from downstream to upstream

Charges should be placed just under ice
 Pre-planning needed (liability issues, rapid response)
Not suitable for urban area




Do Nothing

Thin, weak ice

Little remaining ice supply
Continued mild temperatures
Late season jam (check records)
Other constraints




Permanent Measures

Structural solutions

— |ce control structures (ICS’s)
— Diversion channels

— Flow control

— Thermal discharge

— Levees, floodwalls

— Flood proofing

— Land management

2-5 year lead time
Expect high benefits and reliability

Generally costly although some low-cost
solutions are under development




Jam Type Type of Mitigation
Technique

Dikes, levees, =
floodwalls

Dams and weirs F

lce booms F

Retention structures B

Channel modifications =

Ice storage zones B

U U U U U U
>

Forecasting

Monitoring and detection
Floodproofing
Sandbagging
Evacuation

Levee closing

Thermal control

Land management

Ice cutting

Operational procedures
Dusting

Ilce breaking
Mechanical removal
Blasting
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Key: B=Breakup jam, F=Freezeup jJam, P=Permanent measure
A= Advance measure, E= Emergency measure
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